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of near-infrared evices. In Kurth's study, cerebral satu- 
ration was obtained during cardiac operations with vari- 
ous degrees of pump flow, hematocrit values, and temper- 
atures. The purpose of the study was to determine the 
factors influencing oxygen extraction of the brain during 
cardiopulmonary b pass, which others have also studied 
experimentally and clinically. 2-5 Kurth and associates con- 
cluded that hypothermia is the factor that decreases 
cerebral oxygen extraction, with hematocrit value and 
pump flow as cofactors. We believe that this statement is
debatable and unproved by this study. 
The authors used alpha-stat management during the 
operation, meaning that they did not correct blood gas 
values for temperature. Therefore other important oper- 
ative parameters in the study, especially pH and carbon 
dioxide tension (Pc02), were by no means constant, as 
stated by the authors. These changes are simply neglected. 
In a recent study, we 4 also showed a similar correlation 
between oxygenated hemoglobin i  brain tissue measured 
by near-infrared spectroscopy and jugular bulb oxygen 
saturation on the one hand and the temperature during 
cardiac surgery on the other hand. However, this relation 
became insignificant if controlled for pH and Pc02. In 
fact, pH and Pco 2 were the only significant parameters 
influencing oxygen saturation in the jugular bulb and 
oxygenated hemoglobin in brain tissue. Other clinical and 
experimental studies have confirmed the importance of 
pH and Pco2 management for cerebral oxygenation and 
postoperative brain function. 6
Kurth and associates suggest that a decrease in temper- 
ature might increase cerebral oxygenation during cardiac 
operations. This statement should be accepted cautiously. 
In fact, using multivariate analysis, we found that hypo- 
thermia had a slight but significant adverse affect on the 
redox status of cytochrome aa3, which could be explained 
by the shift of the hemoglobin binding curve with hypo- 
thermia. Furthermore, the redox status of cytochrome aa3 
was the only intraoperative parameter correlated with 
postoperative neuropsychologic dysfunction. 5 Therefore 
one might argue that decreasing blood temperature dur- 
ing a period of high cerebral oxygen demand is not 
beneficial but rather detrimental. 
In conclusion, we appreciate the honest attempt of the 
authors to increase our knowledge of cerebral oxygen- 
ation during cardiac surgery. However, the conclusions of 
this study may be misleading, because important variables 
influencing cerebral oxygenation were not controlled. In 
addition, as Jonas 7 stressed in his commentary, brain 
tissue saturation measured by near-infrared spectroscopy 
does not reflect the true oxygen demand of the brain 
during hypothermia. 
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Reply to the Editor: 
We appreciate the interest of Nollert and colleagues in 
our article "Cerebral Oxygenation During Cardiopulmo- 
nary Bypass in Children. ''1 In their letter, several com- 
ments were directed toward the conclusions in our paper 
and the physiology of tissue oxygen transport, o which we 
are happy to respond. 
The purpose of our study was to determine the effect of 
temperature, pump flow, and hematocrit value on cere- 
bral oxygen saturation (Scoz) as measured by near-infra- 
red spectroscopy (NIRS) in children. As background, we 
had observed istinct changes in Sco2 in children during 
deep hypothermic ardiopulmonary bypass (CPB) and 
circulatory arrest, z" 3 These changes included an increase 
in Sco z during CPB cooling, a curvilinear decrease during 
circulatory arrest, and a return to preoperative levels 
during CPB reperfusion and rewarming. We wished to 
determine which factors influenced Sco2 during CPB 
cooling because children with neurologic sequelae did not 
experience the typical increase in Scoz .3 In our study, we 
concluded that brain hypothermia was the main factor 
increasing Scoz during CPB cooling, although a certain 
CPB pump flow and hematocrit value were required to 
effect this increase, a 
Nollert and colleagues propose an alternative conclu- 
sion that is inconsistent with the data. They correctly point 
out that arterial carbon dioxide tension (Pcoz) influences 
4 cortical oxygen extraction during CPB cooling. They also 
correctly point out that we had used alpha-stat manage- 
ment during CPB and that temperature-corrected arterial 
Pco 2 would have decreased uring hypothermic CPB. 
However, they incorrectly conclude that this decrease in 
Pco 2 would have increased Sco 2 during CPB cooling, 
because hypocapnia decreases Sco2, just as hypocapnia 
decreases cerebral blood flow and increases cortical oxy- 
gen extraction. Thus hypothermia is associated with an 
increased Sc02, in contradistinction to the reduction that 
would be predicted on the basis of diminished Pc02. 
Nollert and associates also misstated our conclusions 
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(i.e., hypothermia increased cerebral oxygenation). Al- 
though not well defined, cerebral oxygenation includes 
cellular energetics as well as cerebral saturation. We did 
not measure cellular energetics. As mentioned in our 
study, the critical Sc% necessary to maintain cellular 
energetics is approximately 30% at normothermia, al- 
though it may be higher during hypothermia or anemia. 1 
Our belief, therefore, is that cerebral oxygenation was 
maintained uring full-flow normothermic CPB and full- 
flow hypothermic CPB because Sco2 remained well above 
the critical evel. 
Nollert and coworkers voice the concern that the 
increased oxyhemoglobin binding affinity at deep hypo- 
thermia may prevent hemoglobin from unloading oxy- 
gen to the cell, resulting in cellular hypoxia despite the 
increased Sco2. Several observations should partially 
allay this concern. Oxygen flux is driven mainly by the 
steep oxygen tension (Po2) gradient from capillary to 
mitochondria. When hemoglobin does not unload oxy- 
gen sufficiently to support cellular respiration, then 
tissue Po 2 decreases until it reaches a critical value, at 
which point further decreases in Po 2 result in decreased 
cerebral oxygen metabolic rate, brain high-energy phos- 
phates, and eventually cellular energy failure and brain 
damage. During CPB cooling, there is no convincing 
evidence of brain hypoxia from the inability of oxyhe- 
moglobin to unload. In fact, several studies have docu- 
mented stability of brain tissue Po 2 and high-energy 
phosphates during deep hypothermic CPB. ~-6 Hemo- 
globin can clearly unload oxygen to support intracellu- 
lar respiration at deep hypothermia because, during 
low-flow CPB, cerebral oxygen extraction increases to 
sustain cerebral metabolic rate and brain high-energy 
phosphates. 7-9 At deep hypothermia, the low-flow CPB 
threshold at which cerebral energetics begin to decrease 
remains uncertain. NIRS may be useful in defining the 
low-flow threshold in a given patient at a certain 
temperature and hematocrit value. 
Nollert and coauthors allude to the debate about 
brain oxygenation during hypothermic CPB generated 
from NIRS measurement of cytochrome aa3 redox 
state. In particular, cytochrome aa3 oxidation as mea- 
sured by NIRS is often inconsistent with hemoglobin 
oxygenation, tissue Po2, and high-energy phosphates. 
More than 10 years ago, there was also debate about 
cerebral oxygenation and the inconsistent behavior of 
cytochrome aa3 measured by NIRS. In considering this 
issue, one should keep in mind that at the present ime, 
cytochrome aa3 redox state cannot be measured reli- 
ably by NIRS when hemoglobin is present. 1°a2 Of 
relevance to hypothermic CPB, the NIRS cytochrome 
signal has been found to decrease spuriously during 
hemodilution. 12Therefore great caution should be ex- 
ercised in interpreting brain oxygenation during hypo- 
thermic CPB from the NIRS cytochrome aa3 redox 
signal. 
In summary, NIRS is a developing technology with 
considerable promise in congenital heart surgery. How- 
ever, before it can be used to treat patients or define the 
adequacy of cerebral oxygenation, work is needed to 
identify the critical evels of brain oxygen saturation and 
to reliably measure cytochrome aa3 redox state. 
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